Neural development of methyl-CpG-binding protein 2 null embryonic stem cells: a system for studying Rett syndrome.
Mutations in methyl-CpG-binding protein 2 (MeCP2) gene cause the neurodevelopmental disorder Rett syndrome (RTT). Here, we describe a new experimental system that efficiently elucidates the role of MeCP2 in neural development. MeCP2-null and control ES cells were generated by adenoviral conditional targeting and examined for maintenance of the undifferentiated ES cell state, neurogenesis, and gliogenesis during in vitro differentiation. In addition, dopamine release and electrophysiological features of neurons differentiated from these ES cells were examined. Loss of MeCP2 did not affect undifferentiated ES cell colony morphology and growth, or the timing or efficiency of neural stem cell differentiation into Nestin-, TuJ- or TH-positive neurons. In contrast, gliogenesis was drastically accelerated by MeCP2 deficiency. Dopamine production and release in response to a depolarizing stimulus in MeCP2-null ES-derived dopaminergic neurons was intact. However, MeCP2-null differentiated neurons showed significantly smaller voltage-dependent Na(+) currents and A-type K(+) currents, suggesting incomplete maturation. Thus, MeCP2 is not essential for maintenance of the undifferentiated ES cell state, neurogenesis, or dopaminergic function; rather, it is principally involved in inhibiting gliogenesis. Altered neuronal maturity may indirectly result from abnormal glial development and may underlie the pathogenesis of RTT. These data contribute to a better understanding of the developmental roles of MeCP2 and the pathogenesis of RTT.